Summary.-Cell suspensions from 5 human colonic carcinomas were fractionated by velocity sedimentation and plated in soft agar. Cluster formation was restricted to the purest fraction of epithelial cells, as had been determined by immuno-and histochemical criteria. Plating efficiencies for the 5 specimens were 1.0-4.5%. The effects of varying the incubation period and inoculum size upon growth were studied using unseparated cell suspensions from 6 specimens. Clusters were apparent after 3 weeks in culture, and maximum cluster formation was typically seen by 5 weeks. Cluster formation appeared concentration-dependent, and individual specimens varied with respect to the inoculum most conducive to growth. The maximum plating efficiencies for unseparated cells were 0.4-1.7%.
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THE STUDY of cytotoxic agents on human colonic carcinoma would benefit by the development of a system which (1) quantitated tumour cell growth and (2) was applicable to most specimens. The difficulty of establishing cell cultures from primary colonic carcinomas is well known (Leibovitz et al., 1976) . Additionally, those specimens established as cell lines may alter with passage, and the response to drug therapy may not reflect the original tumour (Smith, Courtenay and Gordon, 1976; Lamerton and Steel, 1975) . The establishment and maintenance of human tumour xenographs presents similar problems (Pickard, Cobb and Steel, 1975; Smith et al., 1976; Lamerton and Steel, 1975) .
Growth in agar has been described as a trait of malignant transformation (Macpherson, 1969; Marshall, Franks and Carbonell, 1977) . Recently, Smith et al. (1976) reported a quantitative assay of growth in agar, using cells from human tumour xenographs. We wish to report the development of a soft-agar procedure for measuring growth of primary human colonic carcinomas. The effects ofinoculum size and varied periods of incubation upon cluster formation were studied.
METHODS
Cell suspensions.-Colonic carcinomas were digested with 0.25%o trypsin (Microbiological Associates, Bethesda, Md.) and the resultant cell suspensions were stored over liquid N2 as previously reported (Kimball et al., 1976; Brattain et al., 1977a,b,c Initial experiments were conducted with cells purified by velocity sedimentation as previously described (Brattain et al., 1977b,c of the gradient) contained primarily red blood cells, granulocytic and agranulocytic leucocytes. Compared to the startingf sample suspension, Fractioin IV (comprising the lower 25% of the gradient) contained a 2-to 3-fold increase in the concentration of epithelial cells, as demonstrated by the histochemical marker, Nacetylglucosaminidase, and increased amounts of carcino-embryonic antigen. The morphology of the cells in the various fractions have been described (Brattain et al., 1977c) . Each fraction was sedimented at 97 g for 7-5 min. The cell pellet was resuspended in McCoy's medium and prepared for culture as described above.
Agar culture. (Macpherson, 1969 Cell suspensions from 5 human colonic carcinomas were separated by velocity sedimentation, and the resultant fractions plated in soft agar as described in the Methods section. After 4-5 weeks' incubation, the formation of clusters consisting of 7 or more cells was restricted to Fraction IV (Table I) . Because clusters of this size were confined to the purest fractions of epithelial cells, a cluster was subsequently defined as consisting of a minimum of 7 cells, unless otherwise specified in the text. Cluster formation was apparent in Fraction IV of all specimens (Brattain et al., 1977b,c. Inocula for the 5 specimens ranged from 10 to 50,000 cells and the percent cluster formation varied from 1.0 to 4.5%. Comparison of the data suggested that the relationship between inoculum and resulting PE differed between specimens.
Unseparated cell suspensions from 6 specimens were used to determine the effects of cell concentration and incubation period upon cluster formation. Cluster formation was observed in all specimens after 3 weeks' incubation and maximum cluster formation was usually apparent by 5 weeks (Table IIA) . A breakdown of cluster structure was frequently seen by the 7th week in culture. The maximum PE with unseparated cells seldom exceeded 1.0% (Table 1 lA) . There was considerable variation in the amount of cluster formation between specimens. Each specimen demonstrated concentration-dependent growth; however, the inoculum most conducive to cluster formation varied between tumours.
The purified Fraction IV from 2 specimens was studied as described for unseparated cells (Table IIB) . Both specimens demonstrated that cluster formation was greatest after 5 weeks in culture and had declined by the 7th week. Concentration studies were possible with only one specimen which showed concentrationdependent cluster formation.
Generally, two types of clusters were observed in the cultures of separated and unseparated cell suspensions. All specimens contained clusters in which the cells formed tightly bound spheroid structures (Fig.) . Several specimens additionally contained clusters with a loose and less (Macpherson, 1969; Marshall et al., 1977) . While recent reports have suggested the possible use of agar culture in studying and predicting the therapeutic response of neoplastic cells, relatively little work has been performed with primary tumour specimens (Spitzer et al., 1976; Smith et al., 1976) . Smith et al. (1976) indicated that a reproducible agar assay would be difficult to develop for primary tumours, due to the lack of repeated biopsy samples from the same patient. The ability to store cells over liquid N2 enabled us to develop a reproducible quantitation of the growth of primary human colonic carcinomas in agar. The criterion for cluster formation was established by preliminary work with cells purified by velocity sedimentation (Brattain et al., 1977b,c) . Cluster formation was observed in all specimens cultured in agar. The initial rate of cluster formation was consistent with that described for colonic lines and colon tumour xenographs cultured in agar Marshall et al., 1977) . The decrease in cluster frequency observed 0-50 (A) Cells from 6 human colon tumours were plated in soft agar at the indicated inocula of viable nucleated cells. Viability was 68-88%. Cultures of each inoculum were terminated at 3, 5 and 7 weeks and embedded in plastic (Zucker-Franklin and Grusky, 1974) . Growth is expressed as the percent cluster formation (a cluster consists of > 7 cells). Duplicate cultures varied by 15%.
(B) After velocity sedimentation Fraction IV from 2 specimens was plated in soft agar. Cultures were terminated and counted as described for A. * N.D. = not determined.
with several specimens after 7 weeks in culture suggested cluster death, which may have been caused by depletion of essential nutrients, accumulation of metabolic products, alterations in agar consistency or the attainment of a terminal stage by the proliferating cells. The changes in cluster frequency with time occurred in cultures of both separated and unseparated cell suspensions. Several specimens were plated in agar before and after velocity centrifugation. Based on the degree of purification, the PE of the purified cell suspension was consistently greater than was predicted by the growth of an equivalent inoculum of unseparated cells from the same specimen (Brattain et al., 1977b, c) . Mavligit et al. (1975) have suggested that a large percentage of non-viable cells may inhibit in vitro growth. Although initial proportions of viable cells were equivalent, the unseparated cell suspension may have suffered a higher incidence of cell death during the lengthy incubation period. The low PEs observed with many specimens might be improved by studies to determine optimal growth conditions.
All specimens showed concentrationdependent growth. Specimens varied with respect to PE and the inoculum optimal for growth. This may reflect differences in the proportion or nature of malignant cells or of those populations capable ofproliferation in agar. The similar results obtained from duplicate cultures does not eliminate the possibility of some random variation. We have not yet determined which of the various cell types observed in suspensions of colonic carcinoma are responsible for growth in agar (Brattain, et al. 1977c) . Studies are in progress to determine whether this procedure will form the basis of a useful assay in the study of cytotoxic agents on human colonic carcinoma.
